The activation of Toll-like receptors (TLR) by natural or synthetic ligands results in cytokine secretion and increased phagocytosis by macrophages and cytolytic activity by natural killer (NK) cells. So,wedeveloped a stable, efficient, and nontoxic cationic 
Introduction
Recent molecular biological studies have clarified the function of Toll-like receptors (TLRs) in microbial infection. TLRs are evolutionally conserved transmembrane proteins and play crucial roles as pattern recognition receptors (PRRs). So far, ten and 12 functional TLRs have been identified in humans and mice, respectively (Kawai and Akira, 2010) .TLR-1,-2, -4, -5 and -6 are located on the cell surfaces, while TLR-3, -7/8 and -9 , as depicted in Fig. 1, are Az. J. Pharm Sci. Vol. 50, September, 2014.
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located in the endosomal compartments with their ligand-binding domains facing the lumen of the vesicle (Akira et al., 2006) . The ligands of TLRs have been identified as microbial components from fungi, bacteria or viruses. For example, the natural ligands for TLR-2 are peptidoglycans from Gram-positive bacteria where the heterodimer TLR-1/2 recognizes triacylated lipopeptides and TLR-2/6 recognizes diacylated lipopeptides; TLR-3 recognizes double strand RNA (dsRNA); TLR-4 recognizes lipopolysaccharide in the outer membrane of Gram-negative bacteria; TLR-5 recognizes flagellin of motile bacteria; the natural ligands for TLR-7/8 are guanosine and uridinerich single strand RNA (ssRNA) (Lund et al., 2004; Diebold et al., 2004; Heil et al., 2004) ; TLR-9 recognizes unmethylated juxtaposed cytosine and guanine nucleotides (CpG) of bacterial DNA (Hemmi et al., 2000; Krieg et al., 2008) .
For synthetic ligands, imidazoquinoline derivatives, like imiquimod and resiquimod, can activate TLR-7 and TLR-7/8, respectively, have been extensively evaluated in preclinical and clinical studies for their antiviral and anti-cancer effects (Ito et al., 2002; Smits et al., 2008; Hemmi et al., 2002; Schon et al., 2008) . TLRs are expressed on different immune subsets, especially monocytes, dendritic cells (DCs) and macrophages. The activation of TLR by natural or synthetic ligands results in cytokine secretion like interferon alpha (IFN-α), tumor necrosis factor alpha (TNF-α) and interlukin 12 (IL-12) and increased phagocytosis by macrophages and cytolytic activity by natural killer (NK) cells. The proinflammatory properties of TLR ligands have made them useful as vaccine adjuvants and antiviral and antitumor therapeutics. TLR agonists have shown great promise in preclinical studies, and some of them are entering human trials. With the emergence of clinical trials using TLR agonists, it is becoming evident that TLR natural ligands could be used for cancer and viral immunotherapy. However, the main limitation of this approach is the week stability of the RNAs upon injection in blood. Therefore, it is clear that delivery systems will be required to enhance the potency of the RNA. This drawback for RNA therapy creates a necessity to have a drug delivery system which can protect the RNA from degradation and keep it functional to reach the target organ or cell. So, many formulations have been used for such purpose like cationic liposomes (lipoplexs), cationic polymers (polyplexs), and cationic nanoemulsions (CNE). Despite long standing trials of various co-lipids, only limited number of reports has appeared in the literature concerning successful in vivo applications using cationic liposomes as a gene carrier (Hong et al., 1997; Zelphatiet al., 1998) . Cationic liposomes showed aggregation upon mixing with DNA in presence of serum and the optimal transfection activity could be obtained without serum. These large aggregates in serum might be the reason for little transfection activity in vivo and lead to embolism as well. Polyplexes showed also high toxicity in vitro and in vivo which might be a reason for abortion of most clinical studies. Cationic emulsions have previously been described as delivery systems for oligonucleotides (Teixeira et al., 1999; Teixeiraet al., 2001 ) and DNA (Yiet al., 2000) . The cationic emulsion has the advantages of ease of manufacture, enhanced stability, safety and low cost in comparison to other Oligonucleotide delivery technologies, including liposomes, gene gun, electroporation and sonoporation. So, we developed cationic lipid nanoemulsions which are physically stable and can facilitate the transfection in vitro and potentially in vivo.
This article aims to develop a stable, efficient, and nontoxic cationic nanoemulsion suitable forTLR ligand oligonucleotide (ssRNA) delivery (Fig. 2) .The nanoemulsion approach is based on squalene which has been manufactured at large scale and has been used in a commercially approved product as an oil phase. In addition, squalene has been shown to be safe and well tolerated in a number of clinical trials (Brioneset al., 2001 ). To promote the interaction of RNA with the emulsion, a cationic lipid, 1,2-dioleoyl-3-tri methylammoniumpropane (DOTAP) was used as a surfactant in the formulation. The choice of DOTAP is based on its ability to complex plasmid DNA and its previous use in humans for gene therapy (Thierry et al., 1997; Zabner 1997) . Cationic lipid formulations usually require a helper lipid to enhance its transfection activity. One of the most widely used helper lipids is1,2-dioleoylsn-glycero-3-phosoethanolamine (DOPE), especially for in vitro application. The role of the helper lipid is to fuse with the endosomal membrane consequently helps the phagocytosed nucleotide to be released. Among many non-ionic surfactants, the inclusionof Tween 80 and the Brij series which have PEG moieties increased the stability of DOTAP emulsions. They helped to maintain structure and transfection activities during the process of complex formation with DNA under high salt conditions such as PBS (Tae et al., 2002) . However, the optimum concentration of tween 80 in the formulation plays a major role in the activity. It was reported also that using of poloxamer 188 enhance the cellular uptake and reduce the efflux of the drug from the cells (Brriger eta al., 2002) . So, the aim of this paper is to describe the preparation, characterization and in vitro evaluation of a cationic emulsion with adsorbed ssRNA oligonucleotide. Factorial design was used to investigate the influence of of tween 80 and poloxamer 188 on particle size, ssRNA binding %, INF α induction.
EXPERIMENTAL MATERIALS
1,2-dioleoyl-3-trimethylammonium-propane (DOTAP) and 1-palmitoyl-2-oleoyl-snglycero-3-phosphoethanolamine (POPE) were purchased from Avanti Polar Lipids (Alabaster, AL). Tween80, poloxamer 188, and squalene were purchased from Sigma aldrich (St. Louis, MO). ssRNA and ODN2216 were purchased from invivoGen (San Diego, CA 92121 -USA). RNAses free Phosphate buffer saline was purchased from Ambion (Darmstadt, Germany). RNAses free water was purchased from B-Braun (Melsungen, Germany). All of reagents were of analytical grade. (Jorge et al., 2012) . 
METHODS

Cationic nanoemulsion (CNE) preparation
As illustrated in Fig.3 , the formulations shown in Table 1 were prepared as the following: in 15 ml RNAses freefalcon tube, melt the oily phase (DOTAP, DOPE, Squalene) in hot water bath (70 °C) until it is completely melted. Vortex to mix well until a homogenous paste is formed. Add the aqueous phase (Tween 80, poloxamer 188, water) priveously heated to 70 °C to the oily phase while both are hot. Vortex for complete mixing for 5 seconds. Then sonicate for 10 min (in ice bath) using probe sonicator UP 200S (HielscherUltrasonics, Teltow, Germany). The obtained nanoemulsion was kept at room temperature until needed. 
Determination of lipid recovery by HPLC
Lipid recovery was quantified by HPLC. The HPLC system consisted of a G1311B quaternary pump, a G4212B DAD (diode array detector) detector, G1367E auto-sampler AS Hip, G1330B column oven thermostat, and ChemStation for LC revision B.04.02 (Agilent technologies, Colorado, USA). The stationary phase was Waters Sunfire C18 column (75 mm x 4.6 mm x 2.5µm) (Waters, Eschborn, Germany). The mobile phase was a mixture of methanol (70%) and isopropanol (30%). The flow rate and the column oven temperature were 2mL/min and 50 ° C. The detection wavelength was 205 nm. The injection volume amounted to 10 µl.
Particle size, polydispersity index (PDI), and zeta-potential measurements
Particle size, polydispersity index (PDI), and zeta-potential were routinely measured with a Nicomp 380ZLS laser light scattering particle sizer (Santa Barbara, California, USA).
The optimum condition for measurements was applied.
Formation of CNE/RNA complex
According to the required ratio of cationic lipid/RNA (mole/base), the CNE added to an equal volume of RNA/H2O. The mixture incubated for at least 30 minutes to form CNE/RNA complex.
Determination of bound RNA/total RNA in CNE/RNA complex
One of the main factors influencing the efficacy of CNE/RNA complexs is the ratio of bound RNA/free RNA. Therefore, it is prerequisite to know how much of RNA is bound to CNE to form CNE/RNA complex. Hence, a new method was developed for quantification of bound/total RNA by using bioanalyzing technique. The Agilent's 2100 Bioanalyzer works as follows: Charged biomolecules like DNA or RNA are electrophoretically driven by a voltage gradient similar to slab gel electrophoresis. The molecules are separated by size. Smaller fragments are migrating faster than larger ones. Dye molecules intercalate into DNA or RNA strands or Protein-SDS micelles. These complexes are detected by laser-induced fluorescence. Data are translated into gel-like images (bands) and electropherograms (peaks).
With the help of a molecular ladder that contains fragments of known sizes and concentrations, a standard curve of migration time versus fragments size is plotted. From the migration times measured for each fragment in the sample, the size is calculated. In our experiment, CNE/RNA complexs were prepared by mixing a calculated volume of CNE with RNA at a cationic lipid/RNA charge ratio of 2. CNE/RNA complexs were applied to the bioanalyzer chip and free RNA (unbound to lipid) was calculated from standard calibration curve of pure RNA measured in the same chip with the samples.
In vitro assay (INF α induction)
As shown in 
They induce high IFN-a production from plasmacytoid dendritic cells (pDC).
Figure 4: Scheme for in vitro assay.
RESULTS AND DISCUSSION
Quantification of lipid recovery by HPLC
As shown in Table ( 2), all formulations showed a recovery % between 97-115 % approximately. 
Particle sizes, polydispersity indices (PDIs), and zeta-potential of CNE
As can be seen in Table 3 Table 4 shows a very good correlation between X1 and X2 and Y1 (R 2 = 0.995). One can see from Fig. 5 and 6 that by increasing the poloxamer 188 and/or tween 80, the particle size decreased. This is due to the decrease in the interfacial tension between the internal oil phase and continuous aqueous phase. On contrast for PDI values which show that by increasing the poloxamer 188 and/or tween 80 inside the set (formulations 1-3, 3-6, and 7-9), the PDI value increases. This means that the particles changed from monodisperse system to polydisperse system. This phenomenon could be explained that by increasing the surfactant and co-surfactants over limit, the molecules can't be inserted any more in the lipophilic membrane consequently form separate micellar systems which smaller in size in comparison to nanoemulsion particles. It is also clear from Fig. 6 that the influence of poloxamer 188 (X2) is more predominant than tween 80 (X1) regarding the particle size (Y1). Table ( From table 3 and Fig 7 and 8 , we see obviously that no free ssRNA in formulations 1-6 while formulations 7 and 8 showed about 10 % of ssRNA are free. On contrast to formulation 9, 90 % of ssRNA are free (the lowest binding efficiency). Table 4 shows a very good correlation between X1 and X2 and Y2 (R 2 = 0.998).These results could be explained from the molecular conformation of the nanoemulsion particles in presence and absence of the poloxamer 188
and tween 80. As we see from Fig. 2 , the polyoxyethelene moiety of poloxamer 188 and polyethene glycol moiety of tween 80 configured on the surface of the particle since they are the hydrophilic moieties of both molecules. By increasing the concentration of both, their hydrophilic moieties cover completely the particle surface forming hydrophilic shell. This shell results in shielding of the positive charge of DOTAP consequently inhibit the electrostatic interaction with the negative charge of ssRNA as we see clearly in formula 9. 
INF α induction
After incubation of all formulation with human PBMCs for 24 hours, INF αwas quantified and compared to INF α induced by CpG ODNs which induce high INF α production from plasmacytoid dendritic cells (pDC) therefore used as a positive control. Free ssRNA does not show INF a production due to degradation by nucleases. Table 4 shows a good correlation between X1 and X2 and Y3 (R 2 = 0.93) which mean that poloxamer 188
and/or tween 80 influencing significantly the INF α production. As shown in Table 3 and Fig.   9 and 10, although most of the formulations showed a high binding efficiency of ssRNA, the formulations 3 and 4 induced the highest amount of INF α.Interestingly that in both formulations either poloxamer 188 is present (F3) or tween 80 is present (F4) but where both together in one formulation, the INF α production decreased relatively. While it is evident that the transfection activity was increased by incorporating PEG moiety (tween 80) or polyoxyethylene moity (poloxamere 188), the mechanism is not exactly known at present.
However, the enhancement of transfection activity by the PEG or polyoxyethylene moity seemed to be affected mainly by the stabilization of the complex. It is highly probable that PEG or polyoxyethylene moity increases the emulsion stability. They are good emulsifiers and form more stable emulsions; the emulsion stability may be related closely to transfection activity (Yi et al., 2000; Kim et al., 2001) . There is, however, another hypothesis that PEG or polyoxyethylenemoitymay have a similar fusogenic property to DOPE (Liu et al., 1996) .
Generally, non-ionic surfactants are known to destabilize the cell membrane since the lipid can extract the protein from the membrane to increase the membrane fluidity (Liu et al., 1996) . There is a report that the PEG-lipid-modified liposome directly fused with the plasma membrane of a Jurkat cell (Higashi et al., 1996) . 
CONCLUSION
Cationic nanoemulsion could be a promising drug delivery system for nucleic acids (DNA/RNA) in cancer and viral immunotherapy. Formulations with discrete particle sizes and narrow size distribution could be prepared. Poloxamer 188 and tween 80 concentrations decrease significantly the particle size. Functionality of the CNE diminished if the RNA adsorption to particles surface was inhibited. It is also obvious that poloxamer 188 and/or tween 80 influencing significantly the INF α production. The transfection activity was increased by incorporating PEG moiety (tween 80) or polyoxyethylene moity (poloxamer 188).
